Towards crystal engineering via simulated pulmonary surfactant monolayers to optimise inhaled drug delivery.
To generate theophylline monohydrate crystals underneath Langmuir monolayers composed of material expressed at the alveolar air-liquid interface. Such monolayers can act as nucleation sites to direct crystallisation. The approach offers a novel route to rationally engineer therapeutic crystals and thereby optimise inhaled drug delivery. Langmuir monolayers consisting of either dipalmitoylphosphatidylcholine (DPPC) or a surfactant mix reflecting pulmonary surfactant were supported on an aqueous theophylline (5.7 mg/ml) subphase. The monolayers were compressed to surface pressures reflecting inhalation and exhalation (i.e. 5 mNm(-1) or 55 mNm(-1)) with a period of 16 h to allow crystallisation. Analysis involved scanning electron microscopy (SEM), atomic force microscopy (AFM) and powder X-ray diffraction (PXRD). Condensed isotherms were acquired, which signified surfactant-theophylline interaction. Theophylline monohydrate crystals were obtained and exhibited needle-like morphology. SEM and AFM data highlighted regions of roughened growth along with smooth, stepwise growth on the same crystal face. The surfactant monolayers appeared to influence crystal morphology over time. The data indicate a favourable interaction between each species. The principal mechanism of interaction is thought to be an ion-dipole association. This approach may be applied to generate material with improved complementarity with pulmonary surfactant thus enhancing the interaction between inhaled drug particles and internal lung surfaces.